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Background: A critical component of treatment planning in
dental implant therapy is the amount of available bone. Thick
cortical plates have been the primary way to achieve primary
implant stability. However, information about cortical bone
thickness in various regions of the maxilla and mandible is
largely missing. Hence, it was the purpose of this cadaver
study to determine an average cortical bone thickness in dif-
ferent tooth locations.
Methods: To determine the average thickness of buccal and
lingual plates, 28 cadaver heads (68% male and 32% female)
with an average age of 73.1 years were measured at various
locations correlating to molar (M), premolar (PM), and ante-
rior (A) regions. Edentulous and dentate regions also were
recorded.
Results: Average buccal cortical thicknesses were 1.69 mm
(M), 1.43 mm (PM), and 1.04 mm (A) in the edentulous
maxilla; 2.06 mm (M), 1.78 mm (PM), and 1.36 mm (A) in
the edentulous mandible; 2.23 mm (M), 1.62 mm (PM), and
1.59 mm (A) in the dentate maxilla; and 1.98 mm (M), 1.20
mm (PM), and 0.99 mm (A) in the dentate mandible. Average
lingual cortical thicknesses were 2.06 mm (M), 1.60 mm (PM),
and 1.36 mm (A) in the edentulous maxilla; 2.39 mm (M),
1.88 mm (PM), and 1.66 mm (A) in the edentulous mandible;
2.35 mm (M), 2.0 mm (PM), and 1.95 mm (A) in the dentate
maxilla; and 2.51 mm (M), 1.92 mm (PM), and 1.24 mm (A)
in the dentate mandible.
Conclusions: The average cortical thickness of the buccal
plates ranged from 1.0 to 2.1 mm in the edentulous maxilla
and mandible, with the thinnest area in the anterior maxilla
and the thickest area in the posterior mandible. The buccal
plate of the dentate maxilla and mandible ranged from 1.6 to
2.2 mm in thickness, with the thinnest area in the lower ante-
rior region and the thickest area in the upper posterior region.
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T
he determination of bone morphol-
ogy and quality is a critical step in
predicting treatment outcome in
implant therapy. Implant stability is nec-
essary for osseointegration and is aided
largely by cortical bone. Many classifi-
cations are available to assist clinicians
in determining the bony quality and quan-
tity.1-3 Lekholm and Zarb1 classified bone
quality according to cortical and can-
cellous bone content; they reported that
patients with an adequate amount of
cortical thickness surrounding a cancel-
lous region (type II and III) are best
suited for implant therapy. However, in
their classification, the operator is left to
subjectively determine the composition
and classification of the bone. Later,
Misch3 proposed a classification using
bone density. Five types of bone densi-
ties were classified and could be assigned
objectively, based on the Hounsfield unit
(HU) to which it corresponded. D1 bone
density was defined as dense cortical
bone with >1,250 HU. D2 bone density
corresponded to an outer dense bone
surrounding a coarse trabecular bone with
a range of 850 to 1,250 HU. D3 bone
density had thin porous cortical bone
encapsulating fine trabecular bone and
ranged from 350 to 850 HU. D4 bone
was fine trabecular bone with a range of
150 to 350 HU, and D5 bone was imma-
ture non-mineralized bone with <150 HU.
Although similar to the Lekholm and
Zarb classification, the Misch classifica-
tion used diagnostic imaging for bone
assessment allowing for easier preoper-
ative planning.
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The morphology of bone also has been char-
acterized and classified to facilitate predictable im-
plant therapy. Seibert4 classified the ridge based on
soft tissue deficiencies. Implications on therapeutic
measures were determined by the orientation of the
defect. Later, Wang and Al-Shammari2 introduced a
therapeutically oriented classification based on hard
and soft tissue defects of the ridge. Both of these clas-
sifications focus on morphological properties of the
ridge, and they should be used with the bone quality
classification during implant therapy.
The impact of bone quality on implant therapy also
has been studied. Recent findings suggested that the
cortical thickness of bone played a greater role in ini-
tial implant stability than the implant length.5 A previ-
ous animal report6 found that implants placed in
cortical bone required greater removal torque than
those placed in cancellous bone. Furthermore, this
torque remained constant over time for cortically
placed implants, whereas removal torque increased
over time for implants placed in cancellous bone.
These findings suggested that adequate cortical en-
gagement is necessary when placing dental implants.
The influence of bicortical anchorage on implant sta-
bility also was studied recently.7 Investigators looked
at cortical fixation at the crestal and apical regions and
found no benefits for implant success. However, the
relative thickness of the cortical plate has yet to be
determined based on dentition in human cadaver
studies, and none of the current bone classifications
provide quantitative measures on cortical bone thick-
ness. The present study attempted to approximate the
thickness of the lingual and buccal cortical plates in
various regions of the maxilla and mandible and tried
to quantify deficient implant sites based on the corti-
cal thickness of the ridge.
MATERIALS AND METHODS
Nineteen male and nine female human cadaver
heads (mean age, 73.1 years) were used in this study.
The cadaver heads were donated to the University of
Michigan Anatomy Department for educational pur-
poses; they were used for the present study after
academic use. Full-thickness reflection of the mandi-
ble and maxilla to expose the underlying bone for
accurate measurements in the molar, premolar, and
anterior regions were identified and marked for anal-
ysis. These areas were estimated in edentulous areas
by dividing the quadrants into thirds and labeling the
distal-most area as the molar region, the middle third
as the premolar region, and the anterior-most area as
the anterior region. Attempts were made to gather in-
formation from the right and left side of each cadaver
head when possible. Teeth were extracted carefully by
elevation and forceps delivery; measurements were
taken using a digital Boley gauge caliper† at the alve-
olar crest and 3 mm apical to the crest. The crest was
ground down 3 mm in edentulous areas to reveal the
cortical and cancellous regions. This depth was used
because crestal resorption is a common phenomenon
postextraction and where the crestal third of an im-
plant is located.8 One examiner took a single mea-
surement at each designated site, whereas three
individuals performed extractions and flap reflections.
The descriptive statistics were used in the study with
no intent of finding any statistical differences. The
mean – SD was calculated for all measured variables.
RESULTS
Bilateral measurements were made on 22 subjects.
Measurements from each subject were not included
in each category; certain areas were not measurable
because of varying levels of preservation. All subjects
were pooled into the same group for analysis, regard-
less of bilateral measurements.
Width of Alveolar Crest (Table 1)
The width of the edentulous mandible at the alveolar
crest is summarized in Table 1. The width at 3 mm be-
low the alveolar crest increased to 7.31 – 2.16 mm,
6.77 – 1.63 mm, and 5.29 – 2.37 mm in the molar, pre-
molar, anterior regions, respectively. The width of
the edentulous maxilla at the alveolar crest was 7.88 –
2.26 mm, 5.10 – 2.20 mm, and 3.76 – 2.49 mm in
the molar, premolar, and anterior regions, respectively.
This also increased at 3 mm below the crest to 8.29 –
2.57 mm, 5.15 – 1.96 mm, and 4.02 – 0.94 mm in
the molar, premolar, and anterior regions, respectively.
The alveolar crest of the dentatemaxillawas10.18 –
1.30 mm in the molar region, 6.74 – 2.08 mm in the
premolar region, and 7.57 – 1.29 mm in the anterior
region. All measurements increased at 3 mm below
the alveolar crest to 11.39 – 2.49 mm in the molar
region, 7.86 – 2.18 mm in the premolar region, and
8.05 – 1.44 mm in the anterior region. The alveolar
crest of the dentate mandible was 9.52 – 1.0 mm in
the molar region, 6.59 – 1.26 mm in the premolar re-
gion, and 6.40 – 1.22 mm in the anterior region. These
measurements increased at 3 mm below the alveolar
crest in the premolar and anterior regions, but de-
creased in the molar area to 9.29 – 1.0 mm in the mo-
lar region, 8.3 – 1.10 mm in the premolar region, and
7.14 – 0.59 mm in the anterior region.
Buccal Cortical Plate Thickness (Table 2)
In the edentulous maxilla, the average thickness of
the buccal plate was 1.69 – 0.51 mm in the molar
region, 1.43 – 0.61 mm in the premolar region, and
1.04 – 0.29 mm in the anterior region. The edentulous
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mandible had an average buccal plate thickness of
2.06 – 0.69 mm in the molar region, 1.78 – 0.74 mm
in the premolar region, and 1.36 – 0.81 mm in the an-
terior region.
In the dentate maxilla, the average
thickness of the buccal plate was
2.23 – 0.84 mm in the molar region,
1.62 – 0.48 mm in the premolar re-
gion, and 1.59 – 0.71 mm in the ante-
rior region. The dentate mandible had
an average buccal plate thickness of
1.98 – 0.81 mm in the molar region,
1.20 – 0.41 mm in the premolar re-




In the edentulous maxilla, the average
thickness of the lingual cortical plate
was 2.06 – 0.66 mm in the molar re-
gion, 1.60 – 0.64 mm in the premolar
region, and 1.36 – 0.45 mm in the
anterior region. The edentulous man-
dible had an average lingual cortical
plate thickness of 2.39 – 0.62 mm in
the molar region, 1.88 – 0.50 mm in
the premolar region, and 1.66 – 1.04
mm in the anterior region. In the den-
tate maxilla, the average thickness of
the lingual plate was 2.35 – 0.24 mm
in the molar region, 2.0 – 0.33 mm in
the premolar region, and 1.95 – 0.70 mm in the ante-
rior region. The dentate mandible had an average lin-
gual plate thickness of 2.51 – 0.69 mm in the molar
region, 1.92 – 0.70 mm in the premolar region, and
1.24 – 0.41 mm in the anterior region.
Percentage of Cortical Bone in Alveolar Ridge
The percentage of cortical bone in the edentulous al-
veolar ridge was determined in each region. This was
calculated by adding the buccal and lingual plate
thickness and dividing it by the width 3 mm below
the alveolar crest. The estimated thickness of the can-
cellous bone is shown in Figures 1 and 2.
DISCUSSION
The present quantitative human cadaver head study
clearly demonstrated that different cortical thick-
nesses exist (e.g., anteriors, premolars, or molars).
The anterior and premolar regions of the maxilla
had a greater cortical bone thickness than the man-
dible immediately following tooth extraction. Also, a
tendency for greater buccal bone thickness in the mo-
lar region was noted in the maxilla, although this was
minimal. This is an interesting finding because the
maxilla is considered to be of softer bone quality than
its mandibular counterpart, but it may offer more cor-
tical bone, especially in the anterior and premolar re-
gions, for primary stability. However, when teeth are
Table 1.
Summary of Initial Measurements
Molar Premolar Anterior
Maxillary edentulous
Width at alveolar crest (mm) 7.88 – 2.26 5.10 – 2.20 3.76 – 2.46
(n = 19) (n = 18) (n = 13)
Width 3 mm below alveolar crest (mm) 8.29 – 2.57 5.15 – 1.96 4.02 – 0.96
(n = 19) (n = 18) (n = 13)
Mandibular edentulous
Width at alveolar crest (mm) 6.02 – 1.67 4.82 – 2.16 3.64 – 1.83
(n = 19) (n = 14) (n = 12)
Width 3 mm below alveolar crest (mm) 7.31 – 2.16 6.77 – 1.63 5.29 – 2.37
(n = 19) (n = 14) (n = 12)
Maxillary dentition
Width at alveolar crest (mm) 10.18 – 1.30 6.74 – 2.08 7.57 – 1.29
(n = 21) (n = 21) (n = 15)
Width 3 mm below alveolar crest (mm) 11.39 – 2.49 7.86 – 2.18 8.05 – 1.44
(n = 21) (n = 21) (n = 15)
Mandibular dentition
Width at alveolar crest (mm) 9.52 – 1.0 6.59 – 1.26 6.40 – 1.22
(n = 18) (n = 16) (n = 13)
Width 3 mm below alveolar crest (mm) 9.29 – 1.0 8.30 – 1.10 7.14 – 0.59
(n = 18) (n = 16) (n = 13)
Data are mean – SD.
Table 2.
Summary of Buccal and Lingual Cortical
Plate Thickness
Molar Premolar Anterior
Width of buccal cortical plate (mm)
Edentulous maxilla 1.69 – 0.51 1.43 – 0.61 1.04 – 0.29
(n = 19) (n = 18) (n = 13)
Dentate maxilla 2.23 – 0.84 1.62 – 0.48 1.59 – 0.71
(n = 21) (n = 21) (n = 15)
Edentulous mandible 2.06 – 0.69 1.78 – 0.74 1.36 – 0.81
(n = 19) (n = 14) (n = 12)
Dentate mandible 1.98 – 0.81 1.20 – 0.41 0.99 – 0.53
(n = 18) (n = 16) (n = 13)
Width of lingual cortical plate (mm)
Edentulous maxilla 2.06 – 0.66 1.60 – 0.64 1.36 – 0.45
(n = 19) (n = 18) (n = 13)
Dentate maxilla 2.35 – 0.24 2.00 – 0.33 1.95 – 0.70
(n = 21) (n = 21) (n = 15)
Edentulous mandible 2.39 – 0.62 1.88 – 0.50 1.66 – 1.04
(n = 19) (n = 14) (n = 12)
Dentate mandible 2.51 – 0.69 1.92 – 0.7 1.24 – 0.41
(n = 18) (n = 16) (n = 13)
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lost long-term, the edentulous mandible has thicker
cortical plates compared to the maxilla. These find-
ings are particularly important when clinicians decide
to perform immediate implant placement or loading.
To achieve a predictable clinical outcome, implant
stability is essential for osseointegration.9 The mandi-
ble seems to lose cortical thickness more slowly than
the maxilla, which may give flexibility to treatment de-
cisions. These results are consistent with a previous
study5 in which the mean thickness of cortical bone
was greater in the edentulous mandible (2.22 mm)
than in the maxilla (1.49 mm). Another study10 that
examined the thickness of the cortical bone for mini-
plate stability found that the cortical thickness was
between 2.14 and 2.38 mm at the level of the mental
foramen. This average is higher than the one found
in this study, but the measurement location was apical
to the one in the present study and no information
was given on the dentition. In a study11 that looked
at the mean thickness of segments sectioned during
sagittal split osteotomies, the thickness ranged from
0.91 to 2.28 mm. Finally, Deguchi et al.12 studied the
mean thickness of the cortical plate using computer-
ized tomography scans for miniscrews used for anchor-
age in orthodontic treatment. The cortical thickness
ranged from 1.3 to 2.0 mm in the premolar and molar
regions, which compared favorably to the present
study.
Another study13 found that edentulous mandibles
had significantly thinner cortical bone than dentate
mandibles. Cortical thickness was greatest in the an-
terior region and least in the posterior region. Our
study showed a trend for thicker cortical bone in the
molar region of dentate and edentulous mandibles.
The difference in outcome may be due to the location
of measurement; our measurements were taken from
regions of dentition, whereas Schwartz-Dabney and
Dechow13 included sites from all regions of the man-
dible, including the ascending ramus, angle, and be-
low the inferior alveolar nerve.
Edentulous ridges often present with insufficient
width for implant placement. One technique devel-
oped by Simion et al.14 took advantage of the ortho-
pedic concept of greenstick fractures and applied it to
atrophic alveolar ridges. Commonly referred to as
‘‘ridge splitting,’’ this technique requires a minimum
amount of cancellous bone to nourish the fractured
bone. In our study, ;60% of the mandibular molar re-
gion was cortical. An alveolar ridge of 3 mm may not
be suitable for this technique because it leaves <1 mm
of cancellous bone for nutrient supply during healing
of the fracture.
Figure 1.
Percentage of bone components in edentulous maxilla.
Figure 2.
Percentage of bone components in edentulous mandible.
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CONCLUSIONS
The data from our study may suggest that it is easier to
obtain implant stability in a dentate maxilla or an
edentulous mandible because they have thicker total
cortical bone. The dentate maxilla had a buccal corti-
cal thickness of 1.59 to 2.23 mm and a lingual cortical
thickness of 1.95 to 2.35 mm, whereas in the edentu-
lous maxilla these ranged from 1.04 to 1.69 mm and
from 1.36 to 2.06 mm, respectively. In the edentulous
mandible, the buccal cortical thickness ranged from
1.36 to 2.06 mm and the lingual cortical thickness
ranged from 1.66 to 2.39 mm; in the dentate mandi-
ble, these measurements were 0.99 to 1.98 mm and
1.24 to 2.51 mm, respectively.
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